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Description 

BACKGROUND OF THE INVENTION 

5 A. TECHNICAL FIELD 

[0001] The present invention relates to a process for removing organohalogen compounds such as dioxins. 
B. BACKGROUND ART 

10 

[0002] Exhaust gases from incineration facilities for disposing of industrial wastes and city wastes contain trace 
amounts of poisonous organohalogen compounds such as dioxins, PCB and chlorophenols. Particularly, the dioxins 
are extremely poisonous even in very small quantities and have a serious influence on the human body. Therefore, a 
technology for removing the dioxins is desired to be developed as quickly as possible. 
15 [0003] Generally, the organohalogen compounds are chemically extremely stable. Particularly, the dioxins are sub- 
stances so difficult to decompose that they are said to semipermanently remain in the environment. In addition, because 
their contents in the exhaust gases are very small, it is difficult to efficiently remove them with conventional catalysts 
for disposing of exhaust gases. 

[0004] In consideration of these circumstances, the present applicant verified that a catalyst comprising titanium 
20 oxide was fundamentally effective, and then the applicant found that decomposition reactions of organohalogen com- 
pounds could be promoted by well diffusing dilute components of exhaust gases by improving physical properties, 
specifically, pore diameter distribution, and further, pore volume, of the above catalyst. On the basis of this finding, the 
present applicant developed the undermentioned two kinds of catalysts and filed a patent application thereon (Japanese 
Patent Application No. 09-358146). 

25 

1) A catalyst for removing organohalogen compounds, which comprises titanium oxide and vanadium oxide as 
catalytic components, and has pores that includes a group of pores having a pore diameter distribution peak in 
the range of 0.01 to 0.05 \im and another group of pores having a pore diameter distribution peak in the range of 
0.1 to 0.8 jLim. 

30 2) A catalyst for removing organohalogen compounds, which comprises titanium oxide, a titanium-silicon composite 

oxide, and vanadium oxide as catalytic components, and has pores that includes a group of pores having a pore 
diameter distribution peak in the range of 0.01 to 0.05 j^m and another group of pores having a pore diameter 
distribution peak in the range of 0.8 to 4 jum. 

35 [0005] These catalysts have excellent removing effect, but it is preferable that a catalyst for removing organohalogen 
compounds, which exhibits higher performances than those catalysts, can be used. 

[0006] JP-A-05245343 discloses a process of removing a toxic organic chlorine compound together with nitrogene 
oxides and carbon monoxide from an exhaust gas, which comprises the step of bringing an exhaust gas into contact 
with a single catalyst. The catalyst comprises vanadium oxide or composite oxide of vanadium and other metal selected 
40 among Ti, Si, Zr, Al and further comprising a metal or metal oxide selected among Pt, Pd, Ru, Mn, Cu, Cr and Fe. This 
document has no disclosure about the pore size distribution and/or the particle diameter range of the catalyst. 

SUMMARY OF THE INVENTION 

45 A. OBJECT OF THE INVENTION 

[0007] An object of the present invention is to provide a process for removing organohalogen compounds using a 
catalyst which has more excellent removing effect on organohalogen compounds and is suitable for removing the 
organohalogen compounds from exhaust gases. 

50 

B. DISCLOSURE OF THE INVENTION 

[0008] The present inventors sought for a new catalytic component to achieve the above object. As a result, they 
completed the present invention, relating to a process using a catalyst for removing organohalogen compounds and 
55 a usage of this catalyst, by finding that an oxide of at least one metal selected from the group consisting of manganese, 
cobalt, nickel, zinc, zirconium, niobium, molybdenum, tin, tantalum, lanthanum and cerium was effective. 
[0009] A first catalyst for removing organohalogen compounds in a process according to the present invention, com- 
prises titanium oxide (Ti0 2 ) and vanadium oxide as catalytic components, and has pores that include a group of pores 
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having a pore diameter distribution peak in the range of 0.01 to 0.05 |nm and another group of pores having a pore 
diameter distribution peak in the range of 0.1 to 0.8 jum, and this catalyst further comprises an oxide of at least one 
metal selected from the group consisting of manganese, cobalt, nickel, zinc, zirconium, niobium, molybdenum, tin, 
tantalum, lanthanum and cerium as another catalytic component. 
5 [0010] A second catalyst for removing organohalogen compounds in a process according to the present invention, 
comprises titanium oxide (Ti0 2 ), a titanium-silicon composite oxide (Ti0 2 -Si0 2 ), vanadium oxide and an oxide of at 
least one metal selected from the group consisting of manganese, cobalt, nickel, zinc, zirconium, niobium, molybdenum, 
tin, tantalum, lanthanum and cerium as catalytic components. 

[0011] A process for removing organohalogen compounds, according to the present invention, comprises the step 
10 of bringing an exhaust gas into contact with either one or both of the above catalysts according to the present invention, 
wherein the exhaust gas contains organohalogen compounds. 

[0012] These and other objects and the advantages of the present invention will be more fully apparent from the 
following detailed disclosure. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Fig. 1 shows a pore diameter distribution of catalyst A obtained in Example 1 . 
20 Fig. 2 shows a pore diameter distribution of catalyst B obtained in Comparative Example 1 . 

Fig. 3 shows a pore diameter distribution of catalyst C obtained in Example 2. 
Fig. 4 shows a pore diameter distribution of catalyst D obtained in Example 3. 

DETAILED DESCRIPTION OF THE INVENTION 

25 

[0014] The first and second catalysts to be used in the process of the invention both comprise titanium oxide (Ti0 2 ) 
as a main component of the catalytic components. The second catalyst further comprises a titanium-silicon composite 
oxide (Ti0 2 -Si0 2 , hereinafter referred to as "Ti-Si composite oxide") as a second main component of the catalytic 
components. 

30 [0015] The titanium oxide itself has a high decomposing activity upon organohalogen compounds. In addition, the 
Ti-Si composite oxide also has a high decomposing activity upon organohalogen compounds, and further, is excellent 
also in the adsorbency upon the organohalogen compounds because the Ti-Si composite oxide is amorphous and 
therefore has a large specific surface area and further exhibits peculiar solid acidity. It is considered that close mixing 
of these two kinds of oxides exhibiting properties different from each other makes synergistic effects from interaction 

35 between these oxides, with the result that a catalyst having excellent decomposability upon organohalogen compounds 
is formed. 

[0016] The content of the Ti-Si composite oxide in the second catalyst is preferably in the range of 0.01 to 7 times 
by weight, more preferably 0.05 to 3 times by weight, of the titanium oxide. In the case where the content of the Ti-Si 
composite oxide in the second catalyst is either more or less than the above-mentioned ranges, individual properties 
40 of the titanium oxide and the Ti-Si composite oxide are merely obtained, and further, the ability to dispose of exhaust 
gases is deteriorated because no aimed catalytic physical property is obtained. 

[0017] As to the source of the above titanium oxide, both inorganic and organic compounds as well as titanium oxide 
can be used if they produce titanium oxide by calcining. Examples of the usable compound include: inorganic titanium 
compounds such as titanium tetrachloride and titanium sulfate; and organic titanium compounds such as titanium 

45 oxalate and tetraisopropyl titanate. 

[0018] As to the titanium source used for the preparation of the above Ti-Si composite oxide, any of the above- 
mentioned inorganic and organic compounds can be used. In addition, the silicon source can fitly be selected from the 
group consisting of: inorganosilicon compounds such as colloidal silica, water glass, fine particle silicon, and silicon 
tetrachloride; and organosilicon compounds such as tetraethyl silicate. 

50 [001 9] The above Ti-Si composite oxide, for example, can be prepared by any one of the following processes (a) to (d): 

(a) A process comprising the steps of mixing silica sol with aqueous ammonia, and then adding an aqueous sulfuric 
acid solution of titanium sulfate to the resultant mixture to form a precipitate, which is washed, dried, and then 
calcined in the range of 300 to 700°C. 
55 (b) A process comprising the step of adding an aqueous solution of sodium silicate to an aqueous solution of 

titanium sulfate to run a reaction therebetween to form a precipitate, which is washed, dried, and then calcined in 
the range of 300 to 700°C. 

(c) A process comprising the steps of adding ethyl silicate (tetraethoxylsilane) to a water-alcohol solution of titanium 
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tetrachloride, and then carrying out hydrolysis to form a precipitate, which is washed, dried, and then calcined in 
the range of 300 to 700°C. 

(d) A process comprising the step of adding ammonia to a water-alcohol solution of titanium oxide chloride (oxyti- 
tanium trichloride) and ethyl silicate to form a precipitate, which is washed, dried, and then calcined in the range 
5 of 300 to 700°C. 

[0020] Among the above-mentioned processes, the process (a) is particularly preferred. More specifically, the silicon 
source and aqueous ammonia are placed into a vessel such that the molar ratio therebetween will be a predetermined 
value, and then an acidic aqueous solution or sol which is a titanium source (acidic aqueous solution or sol having a 
10 concentration of 1 to 1 00 g/liter (the titanium source is calculated as Ti0 2 )) is dropwise added into the vessel which is 
maintained in the range of 1 0 to 1 00°C, and the resultant mixture is maintained in the pH range of 2 to 1 0 for from 1 0 
minutes up to 3 hours so as to produce a coprecipitate of titanium and silicon, and this coprecipitate is filtered off, and 
then sufficiently washed, and then dried in the range of 80 to 140°C for from 1 0 minutes up to 3 hours, and then calcined 
in the range of 300 to 700°C for 1 to 10 hours, with the result that the aimed Ti-Si composite oxide can be obtained. 
15 [0021] The first and second catalysts both comprise vanadium oxide as a first subcomponent of the catalytic com- 
ponents preferably in the ratio of 0.1 to 25 weight %, more preferably 1 to 15 weight %, of the aforementioned main 
component (the titanium oxide in the case of the first catalyst, and the total of the titanium oxide and the Ti-Si composite 
oxide in the case of the second catalyst), and further comprise an oxide of at least one metal selected from the group 
consisting of manganese, cobalt, nickel, zinc, zirconium, niobium, molybdenum, tin, tantalum, lanthanum and cerium 
20 (hereinafter referred to simply as "metal oxide") as a second subcomponent of the catalytic components preferably in 
the ratio of 0.1 to 25 weight %, more preferably 1 to 15 weight %, of the aforementioned main component. In the case 
where the content of the vanadium oxide or metal oxide is less than 0.1 weight %, effects by adding it are not sufficiently 
obtained. On the other hand, even if the content of the vanadium oxide or metal oxide is more than 25 weight %, the 
improvement of the activity is not so much recognized, and the activity might be deteriorated according to circumstanc- 
es es. 

[0022] As to the source of the vanadium oxide or metal oxide, not only these oxides themselves, but also both 
inorganic and organic compounds can be used if they produce the above oxides by calcining. Examples of the usable 
compound include hydroxides, ammonium salts, oxalates, halides, sulfates, and nitrates containing each metal element 
of the above oxides. 

30 [0023] The first catalyst comprises the above-mentioned catalytic components, and has pores that includes a group 
of pores having a pore diameter distribution peak in the range of 0.01 to 0.05 jum (this group of pores might hereinafter 
be referred to as "first group of pores") and another group of pores having a pore diameter distribution peak in the 
range of 0.1 to 0.8 jum (this group of pores might hereinafter be referred to as "second group of pores"). 
[0024] The second catalyst comprises the above-mentioned catalytic components, and preferably has pores that 

35 includes a group of pores having a pore diameter distribution peak in the range of 0.01 to 0.05 |um (this group of pores 
might hereinafter be referred to as "first group of pores") and another group of pores having a pore diameter distribution 
peak in the range of 0.8 to 4 jum (this group of pores might hereinafter be referred to as "third group of pores"). 
[0025] As is shown in Figs. 1 and 3, the pores of the catalyst used in the process of the present invention have two 
pore diameter distribution peaks which are substantially independent of each other, and further, the pore diameter 

40 distribution of each group of pores having each of the above peaks is narrow and substantially uniform. Preferably, 
only one pore diameter distribution peak is present in each pore diameter range. As a matter of course, the pore 
diameter distribution is permitted not to be substantially uniform, but to have a shoulder at the foot of its peak. However, 
a catalyst having pores with a substantially uniform pore diameter distribution is particularly favorably used. 
[0026] Preferably, the catalyst to be used in the process of the present invention has a total pore volume in the range 

45 of 0.2 to 0.6 cc/g as measured by a mercury injection method. 

[0027] As to the first catalyst, preferably, the pore volume of the first group of pores is in the range of 1 0 to 70 % of 
the total pore volume, and that of the second group of pores is in the range of 10 to 70 % of the total pore volume. In 
addition, as to the second catalyst, preferably, the pore volume of the first group of pores is in the range of 20 to 80 % 
of the total pore volume, and that of the third group of pores is in the range of 5 to 70 % of the total pore volume. 

50 [0028] The catalyst to be used in the process of the present invention has an average particle diameter preferably 
in the range of 0.001 to 1 00 jwn, more preferably in the range 0.01 to 1 00 jum. 

[0029] The catalyst to be used in the process of the present invention has a specific surface area preferably in the 
range of 30 to 250 m 2 /g, more preferably 40 to 200 m2/g, as measured by the BET method. 

[0030] Therefore, a catalyst which is preferably used among the first catalysts comprises titanium oxide, vanadium 
55 oxide, and the metal oxide as catalytic components, and has a total pore volume in the range of 0.2 to 0.6 cc/g as 
measured by a mercury injection method, and further has pores that includes a group of pores having a pore diameter 
distribution peak in the range of 0.01 to 0.05 \im and another group of pores having a pore diameter distribution peak 
in the range of 0.1 to 0.8 jum, wherein the group of pores having a pore diameter distribution peak in the range of 0.01 
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to 0.05 |nm accounts for 10 to 70 % of the total pore volume, and wherein the other group of pores having a pore 
diameter distribution peak in the range of 0.1 to 0.8 \im accounts for 10 to 70 % of the total pore volume. In addition, 
a catalyst which is preferably used among the second catalysts comprises titanium oxide, the Ti-Si composite oxide, 
vanadium oxide, and the metal oxide as catalytic components, and has a total pore volume in the range of 0.2 to 0.6 
cc/g as measured by a mercury injection method, and further has pores that includes a group of pores having a pore 
diameter distribution peak in the range of 0.01 to 0.05 jum and another group of pores having a pore diameter distribution 
peak in the range of 0.8 to 4 urn, wherein the group of pores having a pore diameter distribution peak in the range of 
0.01 to 0.05 \xm accounts for 20 to 80 % of the total pore volume, and wherein the other group of pores having a pore 
diameter distribution peak in the range of 0.8 to 4 jum accounts for 5 to 70 % of the total pore volume. 
[0031] In addition, among the above-mentioned preferable first and second catalysts, those which have a specific 
surface area in the range of 30 to 250 m 2 /g as measured by the BET method are more preferable, and further, those 
which have an average particle diameter in the range of 0.001 to 100 jum are more preferable. 
[0032] The shape of the catalyst to be used in the process of the present invention is not especially limited, but may 
be any desired shape selected from shapes of such as plates, wavy plates, nets, honeycombs, columns, and cylinders. 
In addition, the catalyst may be used in the form carried on a carrier which has a desired shape selected from shapes 
of such as plates, wavy plates, nets, honeycombs, columns, and cylinders, and comprises such as alumina, silica, 
cordierite, titania, and stainless metal. 

(Preparation process for catalyst): 

[0033] The catalyst to be used in the process of the present invention can be prepared by any process. An example 
thereof is shown below, but the preparation process for the catalyst according to the present invention is not limited 
thereto. 

[0034] Examples of the preparation process for the catalyst to be used in the process of the present invention include 
a process which comprises the step of adding salts of the first and second subcomponents of the aforementioned 
catalytic components, or solutions of these salts, to a powder of the main component of the aforementioned catalytic 
components in any order. In addition, the preparation process may be a process which comprises the steps of before- 
hand mixing salts of the first and second subcomponents or solutions of these salts together, and then adding the 
resultant mixture to the powder of the main component, or may be a process which comprises the step of impregnating 
a molded structure of the main component with the solutions of the salts of the first and second subcomponents or 
with a mixture of these solutions, thereby getting the above solutions or mixture thereof carried on the molded structure. 
[0035] Other examples of the preparation process for the catalyst include: a process which comprises the step of 
getting the second subcomponent of the catalytic components carried on a mixture of the main component and the 
first subcomponent of the catalytic components; and a process which comprises the step of getting the first subcom- 
ponent of the catalytic components carried on a mixture of the main component and the second subcomponent of the 
catalytic components. 

[0036] In the case where the titanium oxide and the Ti-Si composite oxide, which are main components, are mixed 
together in the preparation process for the second catalyst, this mixing may be carried out by conventional mixing 
methods. For example, a powder of the titanium oxide and a powder of the Ti-Si composite oxide can be placed into 
a mixing machine, such as a kneader, to mix them together by stirring. 

[0037] In addition, in order to easily obtain the catalyst having physical properties as specified in the present invention, 
each of the above preparation processes preferably further comprises the step of: (1) controlling the grinding method 
such that a powder of the catalyst can have an appropriate particle diameter; or (2) controlling the amounts of molding 
assistants, such as starch, and water, which are added in the kneading step, and further controlling the degree of 
kneading; or (3), in the kneading step, adding a resin which decomposes or volatilizes in the catalyst-calcining step. 
The catalyst may be prepared by fitly combining these steps. 

[0038] A preferable step among the above steps is a step, such as steps (2) and (3) above, in which: a compound 
which decomposes or volatilizes in the calcining step such as molding assistants and resins (this compound is referred 
to as "easily decomposable compound" in the present invention) is added when preparing the catalyst, thereby allowing 
a predetermined amount of easily decomposable compound to be present in a not yet calcined catalyst precursor 
including as an essential component either one or both of titanium oxide and a substance which is formable into titanium 
oxide by calcining, and then this easily decomposable compound is removed by calcining in the subsequent calcining 
step. 

[0039] Examples of the resin to be added in the kneading step in step (3) above include acetal resins, acrylic resins, 
methacrylic resins, phenol resins, benzoguanamine resins, and unsaturated polyester resins. 

[0040] The average particle diameter of the easily decomposable compound such as resins above is preferably in 
the range of 5 to 1 ,000 jum, and the amount of the easily decomposable compound as added is preferably in the range 
of 0.1 to 30 wt % of the aforementioned catalyst precursor. In the case where the average particle diameter or the 
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amount of the easily decomposable compound as added exceeds the above range, the physical properties as specified 
in the present invention cannot be obtained. Incidentally, in the case where the amount of the easily decomposable 
compound as added is too large, the mechanical strength of the resultant catalyst is low. When the catalyst is calcined, 
this easily decomposable compound thermally decomposes and vaporizes to leave pores behind. The thermal decom- 

5 position temperature of the easily decomposable compound is preferably in the range of 1 00 to 700 °C, and the calorific 
value of the easily decomposable compound during decomposition thereof is preferably not larger than 50 kcal/g. In 
the case where the thermal decomposition temperature of the easily decomposable compound is higher than 700 °C, 
the easily decomposable compound might remain unflamed after calcining the catalyst. In addition, in the case where 
the calorific value of the easily decomposable compound during decomposition thereof is larger than 50 kcal/g, great 

10 heat is generated in the catalyst-calcining step, and the resultant specific surface area of the catalyst is small, and 
further, such as sintering of active components is caused. 

(Process for removing organohalogen compounds): 

15 [0041] The catalyst is used for removing organohalogen compounds. For example, this catalyst is also preferably 
used for disposing of exhaust gases, containing organohalogen compounds, from incineration facilities for disposing 
of industrial wastes and city wastes. This catalyst is particularly useful for disposing of exhaust gases containing at 
least one member (what is called dioxin) selected from the group consisting of polyhalogenated dibenzodioxins, pol- 
yhalogenated dibenzofurans and polyhalogenated biphenyls as organohalogen compounds among the above exhaust 

20 gases containing organohalogen compounds. 

[0042] In order to dispose of the organohalogen compounds with the catalyst according to the present invention, this 
catalyst is brought into contact with the exhaust gases to decompose and thereby remove the organohalogen com- 
pounds which are contained in the exhaust gases. The conditions in this step are not especially limited, but this step 
can be carried out under conditions which are conventionally used for this type of reaction. Specifically, the conditions 

25 may fitly be determined in consideration of such as the type and properties of the exhaust gases and the required 
decomposition ratio of the organohalogen compounds. 

[0043] The space velocity of the exhaust gases is usually in the range of 100 to 100,000 Hr 1 , preferably 200 to 
50,000 Hr 1 (STP). A space velocity slower than 100 Hr 1 is so inefficient as to need too large a disposing apparatus. 
On the other hand, a space velocity faster than 1 00,000 Hr 1 reduces the decomposition efficiency. In addition, when 

30 disposing of the exhaust gases, its temperature is preferably in the range of 130 to 450°C. In the case where the 
exhaust gas temperature is lower than 130°C, the decomposition efficiency is low. In the case where the exhaust gas 
temperature is higher than 450°C, there occur problems of such as sintering of active components. 
[0044] Incidentally, the use of the present invention catalyst for removing organohalogen compounds further can 
simultaneously remove organohalogen compounds and nitrogen oxides by adding reductants such as ammonia into 

35 exhaust gases. 

(Effects and Advantages of the Invention): 

[0045] The catalyst used in the process of the present invention has excellent removability upon organohalogen 
40 compounds and is favorably used for removing the organohalogen compounds by disposing of various exhaust gases 
containing the organohalogen compounds. 

[0046] In addition, the catalyst used in the process of the present invention further has excellent removability upon 
nitrogen oxides (NOx) (denitrifiability). Therefore, the catalyst is useful as a catalyst for simultaneously removing or- 
ganohalogen compounds and nitrogen oxides from exhaust gases. 
45 [0047] Organohalogen compounds can effectively be removed by the present invention process for removing orga- 
nohalogen compounds, because the above catalyst is used in this process. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

50 [0048] Hereinafter, the present invention is more specifically illustrated by the following examples of some preferred 
embodiments in comparison with comparative examples not according to the invention. However, the present invention 
is not limited to the below-mentioned examples. 

[0049] In Example 1 and Comparative Example 1 below, the first group of pores is a group of pores having a pore 
diameter distribution peak within the range of 0.01 to 0.05 |iim, and the second group of pores is a group of pores 
55 having a pore diameter distribution peak within the range of 0.1 to 0.8 jiim. In addition, in Examples 2 and 3 and 
Comparative Example 2 below, the first group of pores is a group of pores having a pore diameter distribution peak 
within the range of 0.01 to 0.05 jim, and the third group of pores is a group of pores having a pore diameter distribution 
peak within the range of 0.8 to 4 jum. 
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EXAMPLE 1 

[0050] A solution of 1 .47 kg of ammonium metavanadate and 1 .8 kg of oxalic acid in 5 liters of water and a solution 
of 2.1 kg of ammonium paramolybdate and 0.8 kg of monoethanolamine in 3 liters of water were added to 20 kg of a 
commercially available titanium oxide powder (DT-51 (trade name), produced by Millennium Inorganic Chemicals Lim- 
ited). Then, 1 kg of phenol resin (Bellpearl (trade name), produced by Kanebo Co.) and 0.5 kg of starch (as a molding 
assistant) were further added to and mixed with the resulting mixture. The resulting mixture was kneaded with a kneader 
and then molded into a honeycomb form having an external form size of 80 mm square, an opening size of 4.0 mm, 
a wall thickness of 1 .0 mm and a length of 500 mm with an extrusion molding machine. Thereafter, the resultant form 
was dried at 80 °C and then calcined at 450 °C for 5 hours under air atmosphere to obtain catalyst A. 
[0051] The composition of catalyst A was V 2 0 5 :Mo0 3 :Ti0 2 = 5:7.5:87.5 (weight ratio). The pore diameter distribution 
of catalyst A was measured with a mercury injection type porosimeter, with the result that the total pore volume of 
catalyst A was 0.40 cc/g, and that the pore volume of the first group of pores and that of the second group of pores 
were 34 % and 57 %, respectively, of the total pore volume. In addition, the specific surface area of catalyst A measured 
by the BET method was 73 m 2 /g. The pore diameter distribution of catalyst A is shown in Fig. 1 . 
[0052] An organohalogen compound-removing activity test was carried out with catalyst A under the following con- 
ditions. Chlorotoluene (CT) was used as the organohalogen compound. 

Test Conditions: 

[0053] 

CT: 30 ppm, 0 2 : 10 %, H 2 0: 15 %, N 2 : the balance 

Gas temperature: 160 to 200°C, space velocity (STP): 2,500 Hr 1 

[0054] The CT decomposition ratio was determined from the following equation. 

CT decomposition ratio (%) = 
[(CT concentration at inlet of reactor) - (CT concentration at outlet of reactor)] ^ 
(CT concentration at inlet of reactor) x 100 

[0055] The relationship between the gas temperature and the CT decomposition ratio is shown in Table 1 . 
[0056] Next, catalyst A was brought into contact with a refuse incinerator exhaust gas containing dioxins (hereinafter 
abbreviated to DXN) of about 0.5 ng-TEQ/Nm 3 to measure the removability upon DXN. The gas temperature was 1 60 
°C, and the space velocity (STP) was 2,000 Hr 1 . The DXN-removing ratio was determined in accordance with the 
following equation and, as a result, was found 97 %. 

DXN-removing ratio (%) = 
[(DXN concentration at inlet of reactor) - (DXN concentration at outlet of reactor)] 
(DXN concentration at inlet of reactor) x 100 

COMPARATIVE EXAMPLE 1 

[0057] Honeycomb-form catalyst B having an external form size of 80 mm square, an opening size of 4.0 mm, a wall 
thickness of 1.0 mm and a length of 500 mm was prepared in the same manner as in Example 1 except that: the 
titanium oxide powder was further ground with an air grinder, and the phenol resin was not added in the kneading step, 
and a deaerating layer was provided before the molding machine to remove air from the kneaded product. 
[0058] The pore diameter distribution of catalyst B was measured with a mercury injection type porosimeter, with the 
result that only the first group of pores having a pore diameter distribution peak in the range of 0.01 to 0.05 jum was 
found, and that the second group of pores having a pore diameter distribution peak in the range of 0.1 to 0.8 |iim was 
absent. In addition, the total pore volume of catalyst B was 0.24 cc/g, and its specific surface area measured by the 
BET method was 68 m 2 /g. The pore diameter distribution of catalyst B is shown in Fig. 2. 
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[0059] An organohalogen compound-removing activity test was carried out with catalyst B in the same manner as 
in Example 1 . Results thereof are shown in Table 1 . 



Table 1 



Space velocity 2,500 Hr 1 


Example 1 


Comparative Example 1 


Catalyst 


A 


B 


Gas temperature (°C) 


160 


90 % 


61 % 


180 


98 % 


83 % 


200 


99 % 


95 % 



EXAMPLE 2 

15 [0060] To begin with, a Ti-Si composite oxide was prepared in the following way. An amount of 21 .3 kg of Snowtex- 
20 (silica sol with an Si0 2 content of about 20 wt %, produced by Nissan Chemical Industries, Ltd.) was added to 700 
liters of 1 0 wt % ammonia water, and then they were mixed together by stirring. Thereafter, 340 liters of a sulfuric acid 
solution of titanyl sulfate (1 25 g/liter as Ti0 2 , and sulfuric acid concentration = 550 g/liter) was gradually added dropwise 
under agitation. The resultant gel was left for 3 hours, and then filtered off, and then washed with water, and then dried 

20 at 150 °C for 10 hours. The resultant product was calcined at 500 °C, and then ground with a hammer mill, and then 
classified with a classifier to obtain a powder having an average particle diameter of 10 jum. The composition of the 
resultant powder was Ti0 2 :Si0 2 = 8.5:1 .5 (molar ratio). In an X-ray diffraction chart of this powder, no clear characteristic 
peak of Ti0 2 or Si0 2 was seen, but a broad diffraction peak was seen, from which it was verified that the resultant 
powder was a titanium-silicon composite oxide (Ti-Si composite oxide) having an amorphous fine structure. 

25 [0061] A solution of 1 .43 kg of ammonium metavanadate, 1 .7 kg of oxalic acid, and 0.4 kg of monoethanolamine in 
5 liters of water and a solution of 1 .36 kg of ammonium paramolybdate and 0.5 kg of monoethanolamine in 3 liters of 
water were added to 10 kg of the above Ti-Si composite oxide and 10 kg of a commercially available titanium oxide 
powder (DT-51 (trade name), produced by Millennium Inorganic Chemicals Limited). Then, 1 kg of phenol resin 
(Bellpearl (trade name), produced by Kanebo Co.) and 0.5 kg of starch (as a molding assistant) were further added to 

30 and mixed with the resulting mixture. The resulting mixture was well kneaded with a kneader while adding a moderate 
amount of water thereto. The kneaded product was molded into a honeycomb form having an external form size of 80 
mm square, an opening size of 4.0 mm, a wall thickness of 1 .0 mm and a length of 500 mm with an extrusion molding 
machine. Thereafter, the resultant form was dried at 80 °C and then calcined at 450 °C for 5 hours under air atmosphere 
to obtain catalyst C. 

35 [0062] The composition of catalyst C was V 2 0 5 :Mo0 3 :Ti0 2 :(Ti-Si composite oxide) = 5:5:45:45 (weight ratio). The 
pore diameter distribution of catalyst C was measured with a mercury injection type porosimeter, with the result that 
the total pore volume of catalyst C was 0.38 cc/g, and that the pore volume of the first group of pores and that of the 
third group of pores were 57 % and 23 %, respectively, of the total pore volume. In addition, the specific surface area 
of catalyst C measured by the BET method was 84 m 2 /g. The pore diameter distribution of catalyst C is shown in Fig. 3. 

40 [0063] An organohalogen compound-removing activity test was carried out with catalyst C under the following con- 
ditions. Chlorotoluene (CT) was used as the organohalogen compound. 

Test Conditions: 

45 [0064] 

CT: 30 ppm, 0 2 : 12 %, N 2 : the balance 

Gas temperature: 160 to 200°C, space velocity (STP): 2,500 Hr 1 

50 [0065] The CT decomposition ratio was determined from the CT decomposition ratio calculation equation as set forth 
in Example 1 . The relationship between the gas temperature and the CT decomposition ratio is shown in Table 2. 
[0066] Next, catalyst C was brought into contact with a refuse incinerator exhaust gas containing DXN of about 0.5 
ng-TEQ/Nm 3 to measure the removability upon DXN. The gas temperature was 200 °C, and the space velocity (STP) 
was 2,000 Hr 1 . The DXN-removing ratio was determined in accordance with the DXN-removing ratio calculation equa- 

55 tion as set forth in Example 1 and, as a result, was found 99 %. 



8 



EP 1 063 002 B1 



EXAMPLE 3 

[0067] Honeycomb-form catalyst D having an external form size of 80 mm square, an opening size of 4.0 mm, a wall 
thickness of 1.0 mm and a length of 500 mm was prepared in the same manner as in Example 2 except that: the 
titanium oxide powder and the Ti-Si composite oxide were further ground with an air grinder, and the phenol resin was 
not added in the kneading step, and a deaerating layer was provided before the molding machine to remove air from 
the kneaded product. 

[0068] The pore diameter distribution of catalyst D was measured with a mercury injection type porosimeter, with 
the result that only the first group of pores having a pore diameter distribution peak in the range of 0.01 to 0.05 jum 
was found, and that the third group of pores having a pore diameter distribution peak in the range of 0.8 to 4 |nm was 
absent. In addition, the total pore volume of catalyst D was 0.30 cc/g, and the ratio of the pore volume of the first group 
of pores to the total pore volume was 85 %, and the specific surface area of catalyst D measured by the BET method 
was 78 m 2 /g. The pore diameter distribution of catalyst D is shown in Fig. 4. 

[0069] An organohalogen compound-removing activity test was carried out with catalyst D in the same manner as 
in Example 2. The relationship between the gas temperature and the CT decomposition ratio is shown in Table 2. 
[0070] Next, the removability upon DXN was measured with catalyst D in the same manner as in Example 2. As a 
result, the DXN-removing ratio was 96 %. 

COMPARATIVE EXAMPLE 2 

[0071] Honeycomb-form catalyst E was prepared in the same manner as in Example 3 except that only the Ti-Si 
composite oxide was used as the titanium source. 

[0072] The pore diameter distribution of catalyst E was measured with a mercury injection type porosimeter, with the 
result that only the first group of pores having a pore diameter distribution peak in the range of 0.01 to 0.05 jum was 
found, and that the third group of pores having a pore diameter distribution peak in the range of 0.8 to 4 jum was absent. 
In addition, the total pore volume of catalyst E was 0.35 cc/g, and the ratio of the pore volume of the first group of pores 
to the total pore volume was 68%, and the specific surface area of catalyst E measured by the BET method was 92 m 2 /g. 
[0073] An organohalogen compound-removing activity test was carried out with catalyst E in the same manner as 
in Example 2. The relationship between the gas temperature and the CT decomposition ratio is shown in Table 2. 



Table 2 



Space velocity 2,500 Hr 1 


Example 2 


Example 3 


Comparative Example 2 


Catalyst 


C 


D 


E 


Gas temperature (°C) 


160 


91 % 


65% 


51 % 


180 


98.5 % 


85% 


73% 


200 


99.3 % 


96.2 % 


89% 



[0074] Various details of the invention may be changed without departing from its spirit not its scope. Furthermore, 
the foregoing description of the preferred embodiments according to the present invention is provided for the purpose 
of illustration only, and not for the purpose of limiting the invention as defined by the appended claims and their equiv- 
alents. 



Claims 

1. A process for removing organohalogen compounds, which comprises the step of bringing an exhaust gas into 
contact with a catalyst, the catalyst comprising titanium oxide (Ti0 2 ) and vanadium oxide as catalytic components, 
having pores that include a group of pores having a pore diameter distribution peak in the range of 0.01 to 0.05 
jum and another group of pores having a pore diameter distribution peak in the range of 0.1 to 0.8 jum, and having 
an average particle diameter in the range of 0.001 to 100 |nm, the catalyst further comprising an oxide of at least 
one metal selected from the group consisting of manganese, cobalt, nickel, zinc, zirconium, niobium, molybdenum, 
tin, tantalum, lanthanum and cerium as another catalytic component, wherein the exhaust gas contains organo- 
halogen compounds. 

2. The process of claim 1 , wherein the catalyst has a total pore volume in the range of 0.2 to 0.6 cc/g as measured 
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by a mercury injection method, wherein the group of pores having a pore diameter distribution peak in the range 
of 0.01 to 0.05 jLim accounts for 10 to 70 % of the total pore volume, and wherein the other group of pores having 
a pore diameter distribution peak in the range of 0.1 to 0.8 \xrr\ accounts for 1 0 to 70 % of the total pore volume. 

5 3. The process claim 1 or 2, wherein the vanadium oxide has a content in the range of 0.1 to 25 weight % of the 
titanium oxide, and wherein the oxide of at least one metal selected from the group consisting of manganese, 
cobalt, nickel, zinc, zirconium, niobium, molybdenum, tin, tantalum, lanthanum and cerium has a content in the 
range of 0.1 to 25 weight % of the titanium oxide. 

10 4. A process for removing organohalogen compounds, which comprises the step of bringing an exhaust gas into 
contact with a catalyst, the catalyst comprising titanium oxide (Ti0 2 ), a titanium-silicon composite oxide (Ti0 2 - 
Si0 2 ), vanadium oxide and an oxide of at least one metal selected from the group consisting of manganese, cobalt, 
nickel, zinc, zirconium, niobium, molybdenum, tin, tantalum, lanthanum and cerium as catalytic components, and 
having an average particle diameter in the range of 0.001 to 100 \irr\ wherein the exhaust gas contains organo- 

15 halogen compounds. 

5. The process of claim 4, wherein the catalyst has pores that includes a group of pores having a pore diameter 
distribution peak in the range of 0.01 to 0.05 jwn and another group of pores having a pore diameter distribution 
peak in the range of 0.8 to 4 \xm. 

20 

6. The process of claim 5, wherein the catalyst has a total pore volume in the range of 0.2 to 0.6 cc/g as measured 
by a mercury injection method, wherein the group of pores having a pore diameter distribution peak in the range 
of 0.01 to 0.05 jLim accounts for 20 to 80 % of the total pore volume, and wherein the other group of pores having 
a pore diameter distribution peak in the range of 0.8 to 4 \im accounts for 5 to 70 % of the total pore volume. 

25 

7. The process of any one of claims 4 to 6, wherein the titanium-silicon composite oxide has a content in the range 
of 0.01 to 7 times by weight of the titanium oxide. 

8. The process of any one of claims 4 to 7, wherein the vanadium oxide has a content in the range of 0. 1 to 25 weight 
30 % of the total of the titanium oxide and the titanium-silicon composite oxide, and wherein the oxide of at least one 

metal selected from the group consisting of manganese, cobalt, nickel, zinc, zirconium, niobium, molybdenum, tin, 
tantalum, lanthanum and cerium has a content in the range of 0.1 to 25 weight % of the total of the titanium oxide 
and the titanium-silicon composite oxide. 

35 9. A process according to any of claims 1 -8, wherein the organohalogen compound is at least one member selected 
from the group consisting of polyhalogenated dibenzodioxins, polyhalogenated dibenzofurans and polyhalogen- 
ated biphenyls. 



40 Patentanspruche 

1. Verfahren zum Entfernen von Organohalogenverbindungen, das den Schritt umfasst, ein Abgas in Kontakt mit 
einem Katalysator zu bringen, wobei der Katalysator Titanoxid (Ti0 2 ) und Vanadiumoxid als katalytische Bestand- 
teile umfasst, Poren aufweist, die eine Gruppe von Poren mit einem Porendurchmesserverteilungspeak im Bereich 

45 von 0,01 bis 0,05 jam und eine weitere Gruppe von Poren mit einem Porendurchmesserverteilungspeak im Bereich 

von 0,1 bis 0,8 jim einschlieBen und einen durchschnittlichen Partikeldurchmesser im Bereich von 0,001 bis 100 
|Lim aufweist, und der Katalysator auBerdem ein Oxid von mindestens einem Metall aus der Gruppe, bestehend 
aus Mangan, Kobalt, Nickel, Zink, Zirkonium, Niob, Molybdan, Zinn, Tantal, Lanthan und Cer, als weiteren kataly- 
tischen Bestandteil umfasst, wobei das Abgas Organohalogenverbindungen enthalt. 

50 

2. Verfahren nach Anspruch 1, wobei der Katalysator ein Gesamtporenvolumen im Bereich von 0,2 bis 0,6 cc/g, 
gemessen durch ein Quecksilberinjektionsverfahren, aufweist, wobei die Gruppe von Poren, die einen Poren- 
durchmesserverteilungspeak im Bereich von 0,01 bis 0,05 jum aufweist, 10 bis 70 % des Gesamtporenvolumens 
ausmacht, und wobei die andere Gruppe von Poren, die einen Porendurchmesserverteilungspeak im Bereich von 

55 o,1 bis 0,8 jLim aufweist, 10 bis 70 % des Gesamtporenvolumens ausmacht. 

3. Verfahren nach Anspruch 1 oder 2, wobei das Vanadiumoxid einen Anteil im Bereich von 0,1 bis 25 Gew.-% des 
Titanoxids aufweist, und wobei das Oxid von mindestens einem Metall aus der Gruppe, bestehend aus Mangan, 
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Kobalt, Nickel, Zink, Zirkonium, Niob, Molybdan, Zinn, Tantal, Lanthan und Cer, einen Anteil im Bereich von 0,1 
bis 25 Gew.-% des Titanoxids aufweist. 

4. Verfahren zum Entfernen von Organohalogenverbindungen, das den Schritt umfasst, ein Abgas in Kontakt mit 
einem Katalysator zu bringen, wobei der Katalysator Titanoxid (Ti0 2 ), ein Titan-Siliziummischoxid (Ti0 2 -Si0 2 ), 
Vanadiumoxid und ein Oxid von mindestens einem Metall aus der Gruppe, bestehend aus Mangan, Kobalt, Nickel, 
Zink, Zirkonium, Niob, Molybdan, Zinn, Tantal, Lanthan und Cer, als katalytische Bestandteile umfasst und einen 
durchschnittlichen Partikeldurchmesser im Bereich von 0,001 bis 100 \xm aufweist, wobei das Abgas Organoha- 
logenverbindungen enthalt. 

5. Verfahren nach Anspruch 4, wobei der Katalysator Poren aufweist, die eine Gruppe von Poren enthalten, die einen 
Porendurchmesserverteilungspeak im Bereich von 0,01 bis 0,05 jum aufweist, und eine weitere Gruppe von Poren, 
die einen Porendurchmesserverteilungspeak im Bereich von 0,8 bis 4 jum aufweist. 

6. Verfahren nach Anspruch 5, wobei der Katalysator ein Gesamtporenvolumen im Bereich von 0,2 bis 0,6 cc/g, 
gemessen durch ein Quecksilberinjektionsverfahren, aufweist, wobei die Gruppe von Poren, die eine Porendurch- 
messerverteilungspeak im Bereich von 0,01 bis 0,05 |um aufweist, 20 bis 80 % des Gesamtporenvolumens aus- 
macht, und wobei die andere Gruppe von Poren, die einen Porendurchmesserverteilungspeak im Bereich von 0,8 
bis 4 jiim aufweist, 5 bis 70 % des Gesamtporenvolumens ausmacht. 

7. Verfahren gemaR einem der Anspruche 4 bis 6, wobei das Titan-Siliziummischoxid einen Anteil im Bereich von 
0,01 bis 7 mal nach Gewicht des Titanoxids aufweist. 

8. Verfahren nach einem der Anspruche 4 bis 7, wobei das Vanadiumoxid einen Anteil im Bereich von 0,1 bis 25 
Gew.-% der Gesamtheit des Titanoxids des Titan-Siliziummischoxids aufweist, und wobei das Oxid von mindestens 
einem Metall aus der Gruppe, bestehend aus Mangan, Kobalt, Nickel, Zink, Zirkonium, Niob, Molybdan, Zinn, 
Tantal, Lanthan und Cer, einen Anteil im Bereich von 0,1 bis 25 Gew.-% der Gesamtheit des Titanoxids und des 
Titan-Siliziummischoxids aufweist. 

9. Verfahren gemaB einem der Anspruche 1 bis 8, wobei die Organohalogenverbindung mindestens ein Bestandteil 
aus der Gruppe, bestehend aus polyhalogenierten Dibenzodioxinen, polyhalogenierten Dibenzofuranen und po- 
lyhalogenierten Biphenylen, ist. 



Revendications 

1. Procede pour eliminer des composes halogenes organiques, qui comprend I'etape consistant a porter un gaz 
d'echappement en contact avec un catalyseur, le catalyseur comprenant de I'oxyde de titane (Ti0 2 ) et de I'oxyde 
de vanadium a titre de composants catalytiques, ayant des pores qui comprennent un groupe de pores ayant un 
pic de distribution des diametres de pores situe dans la plage allant de 0,01 a 0,05 \xm et un autre groupe de pores 
ayant un pic de distribution des diametres de pores situe dans la plage allant de 0,1 a 0,8 jum, et ayant une 
granulometrie moyenne situee dans la plage allant de 0,001 a 1 00 |wn, le catalyseur comprenant en outre un oxyde 
d'au moins un metal choisi dans I'ensemble constitue par le manganese, le cobalt, le nickel, le zinc, le zirconium, 
le niobium, le molybdene, retain, le tantale, le lanthane et le cerium a titre d'autre composant catalytique, dans 
lequel le gaz d'echappement contient des composes halogenes organiques. 

2. Procede selon la revendication 1 , dans lequel le catalyseur a un volume de pores total situe dans la plage allant 
de 0,2 a 0,6 cm 3 /g, tel que mesure par un procede d'injection de mercure, dans lequel le groupe de pores ayant 
un pic de distribution des diametres de pores situe dans la plage allant de 0,01 a 0,05 jiim represente 10 a 70 % 
du volume de pores total, et dans lequel I'autre groupe de pores ayant un pic de distribution des diametres de 
pores situe dans la plage allant de 0,1 a 0,8 jum represente 10 a 70 % du volume de pores total. 

3. Procede selon la revendication 1 ou 2, dans lequel I'oxyde de vanadium est present en une proportion situee dans 
la plage allant de 0,1 a 25 % en poids de I'oxyde de titane, et dans lequel I'oxyde d'au moins un autre metal choisi 
dans le groupe constitue par le manganese, le cobalt, le nickel, le zinc, le zirconium, le niobium, le molybdene, 
I'etain, le tantale, le lanthane et le cerium est present en une proportion situee dans la plage allant de 0,1 a 25 % 
en poids de I'oxyde de titane. 
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Procede pour eliminer des composes halogenes organiques, qui comprend I'etape consistant a porter un gaz 
d'echappement en contact avec un catalyseur, le catalyseur comprenant de I'oxyde de titane (Ti0 2 ), un oxyde 
composite de titane-silicium (Ti0 2 -Si0 2 ), de I'oxyde de vanadium et un oxyde d'au moins un metal choisi dans 
I'ensemble constitue par le manganese, le cobalt, le nickel, le zinc, le zirconium, le niobium, le molybdene, retain, 
le tantale, le lanthane et le cerium, a titre de composants catalytiques, et ayant une granulomere moyenne situee 
dans la plage allant de 0,001 a 100 jum, dans lequel le gaz d'echappement contient des composes halogenes 
organiques. 

Procede selon la revendication 4, dans lequel le catalyseur a des pores qui comprennent un groupe de pores 
ayant un pic de distribution des diametres de pores situe dans la plage allant de 0,01 a 0,05 |um et un autre groupe 
de pores ayant un pic de distribution des diametres de pores situe dans la plage allant de 0,8 a 4\im. 

Procede selon la revendication 5, dans lequel le catalyseur a un volume de pores total situe dans la plage allant 
de 0,2 a 0,6 cm 3 /g, tel que mesure par un procede d'injection de mercure, dans lequel le groupe de pores ayant 
un pic de distribution des diametres de pores situe dans la plage allant de 0,01 a 0,05 |um represente 20 a 80 % 
du volume de pores total, et dans lequel I'autre groupe de pores ayant un pic de distribution des diametres de 
pores situe dans la plage allant de 0,8 a 4 |um represente 5 a 70 % du volume de pores total. 

Procede selon I'une quelconque des revendications 4 a 6, dans lequel I'oxyde composite de titane-silicium est 
present en une proportion de 0,01 a 7 fois le poids de I'oxyde de titane. 

Procede selon I'une quelconque des revendications 4 a 7, dans lequel I'oxyde de vanadium est present en une 
proportion situee dans la plage allant de 0,1 a 25 % en poids du total de I'oxyde de titane et de I'oxyde composite 
de titane-silicium, et dans lequel I'oxyde d'au moins un metal choisi dans le groupe constitue par le manganese, 
le cobalt, le nickel, le zinc, le zirconium, le niobium, le molybdene, retain, le tantale, le lanthane et le cerium est 
present en une proportion situee dans la plage allant de 0,1 a 25 % en poids du total de I'oxyde de titane et de 
I'oxyde composite de titane-silicium. 

Procede selon I'une quelconque des revendications 1 a 8, dans lequel le compose halogene organique est au 
moins un element choisi dans le groupe constitue par les dibenzodioxines polyhalogenees, les dibenzofuranes 
polyhalogenes et les biphenyles polyhalogenes. 
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